Simian virus 40-transformed cells synthesize high-molecular-weight protein complexes (22 to 30S) that consist of the virus-coded large T antigen (81,500 daltons) and the cellular antigen pp53. These complexes were partially purified from lysates of transformed rat cells by sucrose velocity sedimentation. The stoichiometry of the two proteins in the complex was studied by direct enzyme-linked immunosorbent assays, using alkaline phosphatase-conjugated anti-T and antipp53 monoclonal antibodies. The results from these experiments indicate that the T antigen-to-pp53 ratio in the complex is 0.87 ± 0.27. No statistically significant differences were found in this ratio for faster-and slower-sedimenting complexes. These results from enzyme-linked immunosorbent assays and previous molecular weight estimates of the complex suggest that this complex is composed, on the average, of four molecules of T antigen and four or five molecules of pp53.
Cells transformed with simian virus 40 (SV40) contain a protein complex made up of the viruscoded T antigen and a cellular phosphoprotein named pp53 (12, 16) . This complex sediments at 22 to 30S (7, 16 ) and appears to be resistant to heat, partial reduction (9, 12) , high salt concentrations (9, 15) , and incubation with chelating agents and nonionic detergents (9) . The cellular pp53 protein has a molecular weight of 50,000 (50K) to 56K (depending upon the species from which it is isolated) and was originally detected in lysates of SV40-transformed cells by immunoprecipitation with hamster anti-T serum (3, 11-13, 17, 24) . Cells infected with SV40 (9, 17, 23) and some lines of normal, uninfected cells (5, 13, 22, 24) also accumulate pp53, although the levels of the protein are generally lower than in transformed cells. Substantial amounts of the protein are made in cells transformed with other papovaviruses (12, 22) , adenovirus (21) , retroviruses (4, 20) , or chemicals (4) . Interestingly, the adenovirus tumor antigen (Elb product) (21) binds to pp53 in cells transformed by these viruses. In SV40-transformed and -infected cells, nearly all of the pp53 is complexed with T antigen (7) (8) (9) 16) , and in some transformed cell lines that produce large amounts of pp53, nearly all of the T antigen is present in this complex (7; this report).
The function of the complex in the cell is not known, and little is known about its structure. In previous work, it has not been possible to obtain a reliable estimate of the ratio of T antigen to pp53 molecules in this aggregate (7, 9, 15, 16) . In the present study, we examined the stoichiometry of the two proteins in the complex by direct enzyme-linked immunosorbent assays (ELISAs). We chose to use ELISAs because this method is very sensitive and gives accurate estimates of antigen (and antibody) concentrations (25) . Furthermore, it circumvents the difficulties inherent in estimating the levels of these two proteins in the cell from labeling experiments (1) .
It was first necessary to find a line of SV40-transformed cells in which the majority of the T antigen and pp53 are complexed to one another. Figure 1 shows that this is the case for a line of transformed rat cells (line 14B). Labeled extracts were incubated with monoclonal antibodies to T antigen (PAblOl) or to pp53 (PAb122) (8) followed with fixed Staphylococcus aureus to bring down the immune complexes (Fig. 1, lanes  a and f, respectively) . After the reaction with the first antibody, the cleared supernatants were incubated with either nonimmune medium as a control (Fig. 1, lanes b and g) , PAblOl (Fig. 1 , lanes c and h), PAb122 (Fig. 1, lanes d and i) , or hamster anti-tumor serum (Fig. 1, lanes e and j) . The precipitated proteins were subjected to sodium dodecyl sulfate-acrylamide gel electrophoresis (23) , and the labeled proteins were detected in the gel by fluorography at -80°C. The X-ray film was scanned with a densitomer to obtain a quantitative estimate of the intensity of each band (data not shown). PAblOl (anti-T) and PAb122 (anti-pp53) precipitated both T antigen and pp53 from the cell extracts (Fig. 1, lanes :ess essentially as The near coincidence of the anti-T and anti-pp53 lysates were first reaction profiles in Fig. 2 indicates that the two r PAb122 (lane f). antigens are similarly distributed in the gradient.
blO1 and g-j for Since the majority of the T antigen and pp53 rlunoprecipitation molecules are complexed to one another in this and g), PAblOl cell line (Fig. 1) , it is reasonable to assume that The precipitated the profiles in Fig. 2 two proteins in various fractions of the gradient. These values were estimated by plotting absorbance (enzyme activity) versus antigen dilution for the fractions (Fractions 6 through 11) containing most of the complex (Fig. 3) . These curves describe the reactions of T antigen and pp53 with their corresponding monoclonal antibodies and, for most of these fractions, are sigmoidal in shape. To estimate relative antigen concentrations, the point on the curve that is most sensitive to changes in antigen concentration was determined. This point is called the 50% point and can be used as an estimate of antigen concentration. It is defined as that point which is halfway between the reaction plateau values at high and low antigen concentrations. The low plateau values were obtained directly from the figure. The high plateau values were estimated by extrapolation of the curves shown in Fig. 3 . These extrapolations were somewhat difficult for fraction 9 and are likely to be slightly different from the true values. However, the anti-T and anti-pp53 reaction curves for this fraction are nearly superimposable, and therefore their plateau values are probably very similar. Table 1 lists the relative antigen. concentrations of both T antigen and pp53 at the calculated 50% point for each of fractions 6 through 11 of the complex peak. The ratio of these two values is also shown in Table 1 and represents the deduced T antigen-to-pp53 ratio in each of these six fractions. The average antigen ratio (and hence molar ratio since the antibodies are monoclonal) is 0.87 ± 0.27. Extending these calculations for the fractions beyond 6 and 11 had little effect on the average molar ratio. Since no consistent differences were observed between the calculated molar ratios in different fractions, it appears that sedimentation did not separate complexes with different relative amounts of T antigen and pp53.
In determining the accuracy of the calculated T antigen-to-pp53 ratio, we should consider that some of the anti-T activity (up to 15%) shown in Fig. 2 may be due to a reaction with small amounts of uncomplexed T antigen (Fig. 1 directly from sedimentation coefficients. With their values for the sedimentation coefficients of the T antigen-pp53 complex and of the T antigen tetramer, the relationship described by Martin and Ames (14) gives a calculated molecular weight of 560K ± 10% for the complex. This calculation makes the assumption that the molecular weight values of the complex as determined by gel exclusion and by sedimentation are within 10% of one another. Second, it seems likely that the complex contains a tetramer of T antigen, because Meyers et al. (18) have reported that the tetrameric form of the T antigen analog, D2T, preferentially binds, in vitro, to SV40 DNA at the origin of replication, and Reich and Levine (19) recently have shown that the T antigen-pp53 complex displays the same SV40 DNA-binding specificity as uncomplexed (without pp53) T antigen. Consequently, a complex with an approximate molecular weight of 560K and tetrameric T antigen component might be expected to contain four or five molecules of pp53 (based on molecular weights of 81.5K for T antigen and 53K for pp53).
The deductions made above about the composition of the complex and our own estimates derived from ELISA results are entirely consistent with one another. That four molecules of pp53 are associated with the protein complex is supported by observations of McCormick et al. (15) which indicate that the pp53 isolated from F9 embryonal carcinoma cells is in a tetrameric form and binds to purified T antigen in vitro. However, a complex consisting of four molecules of T antigen and five molecules of pp53 cannot be excluded. Although not enough information is available to predict the actual arrangement of the individual protein subunits, additional information on the structure of the complex might provide insights into its function in the cell and its possible role in cellular transformation with SV40 and other papovaviruses.
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